Estimating individual probabilities of causation generally requires prior knowledge of causal mechanisms. For traffic accidents such knowledge is often available and supports the discipline of accident reconstruction. In this paper structural knowledge is combined with Bayesian network methods to calculate the probability of necessity due to speeding for each of a set of vehicle/pedestrian collisions. Gibbs sampling is used to carry out the computations.
INTRODUCTION
Selecting a speed limit involves balancing the mobility of motorists against the external costs that mobility imposes on other road users. In setting speed limits, current traffic engineering practice gives preference to the 85th percentile of the vehicle speed distribution, and so for streets where the 85th percentile speed exceeds the current posted speed limit it can be argued that the posted speed limit is too low.
Where this is the case, one measure of the external cost imposed by motorists' choice of speed is the number of vehicle/pedestrian accidents that would have been prevented had the prevailing speed limit been obeyed. This measure is especially important for local and residential streets, where pedestrians are naturally to be expected. To predict the accident reduction resulting from a safety countermeasure, traffic engineers usually apply an externally estimated accident reduction factor (RF) to an observed or predicted accident count. RFs are in turn generally estimated as where rB and rA respectively denote accident rates estimated before and after the application of the countermeasure.
Unfortunately, external estimates from studies that are well enough designed to support causal interpretations tend to be rare (Davis 2000) , and for pedestrian accidents on local streets even questionable estimates are not available (TRB 1998) . Interpreting the accident rates as probabilities, an RF estimated from a well-designed study can then be interpreted as what Pearl calls a "probability of necessity," computed assuming minimal knowledge of how accidents actually occur (2000, p. 292) . By representing traffic accidents using structural models, an alternative estimate of the effect of speeding, specific to the accident history of a given area, can be had by computing the probability that speeding was necessary for the occurrence of each accident in that area.
To show this, we can begin with Rubin's potential response model (Holland 1986 ). Let j=l, .. ,N index a set of vehicle/pedestrian conflicts, which include actually occurring collisions as well as all instances where a driver had to brake in order to avoid hitting a pedestrian. For each conflict define the potential response variables hl1 = I, if pedestrianj was actually stuck, 0, if pedestrian j was not struck. 
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Assuming that enforcement of the speed limit causes obedience to the limit, the change in accident frequency that would result if speed limits had been enforced is �= :L (h11-h2)+ :L<hl1-h2) 
Issues concerning individual accident causation frequently arise in legal contexts, where a jury must assess "cause in fact" (Robertson 1997) , and so it is not surprising that over the past 60 years the discipline of traffic accident reconstruction has developed primarily to assist the legal system in resolving such issues. The definition of cause generally accepted in accident reconstruction work has been given by Baker ( 1975) willing to grant that uncertainty can be described using probability measures (Lindley 1987) , more powerful methods are available. In particular, Brach ( 1994) 7 (2000, p. 206 ) then describes how the probability of a counterfactual claim, given evidence, can be evaluated. Balke and Pearl (1994) have also shown how technical difficulties arising from the need to describe or store a posterior distribution can be circumvented by applying updating methods to a DAG model that has been augmented to include nodes representing counterfactual outcomes.
STRUCTURAL MODEL
We will consider pedestrian/vehicle collisions consistent with the following scenario, illustrated in Figure I 
The theoretical length of the skidmark is computed as the difference between the total braking distance and the distance traversed during the transition phase, theoretic skidmark = v2 /(2fg)-(vt5-jgr; /2) Garrot and Guenther ( 1982) , describing results from a series of controlled braking tests, reported that the standard deviation of measured skidmarks tended to increase as the initial speed increased, and that the average coefficient of variation for the difference between the measured and theoretical skid lengths was approximately equal to 0.11. In the reconstructions described below the measured skidmark, denoted by sf, was assumed to be a lognormal random variable with underlying normal mean equal to the natural log of the theoretical length, and underlying normal variance equal to 0.0 I, giving a coefficient of variation for the measurement error in the skidmarks of about 0.1 0. The measured second skid, s2, was also assumed to be lognormal with underlying normal mean equal to the natural log of the theoretical value and underlying variance equal to 0.01. Finally, the Bayesian network requires prior distributions for the background variables x, v, tP, t5 and/ Although prior distributions avoid the apparent arbitrariness of using fixed nominal values, they bring with them the problem of how to select these distributions in some reasonable manner. In deterministic sensitivity analyses it is often possible to identify defensible prior ranges for background variables (Niederer 1991 ) , and Wood and O'Riordain argue that, in the absence of more specific information, uniform distributions restricted to these ranges offer a plausible extension of deterministic sensitivity methods ( 1994, p. 137) . Following Wood and O'Riordian's suggestion, the reconstructions described in this paper used uniform prior distributions.
Specifically, the range for fwas [0.45,1.0), and was taken from Fricke (1990, p. 62-14) , where the lower bound corresponds to a dry, travel-polished asphalt pavement and the upper bound to a dry, new concrete pavement. The range for the perception/reaction time, lr, was [0.5 seconds , 2.5 seconds], which brackets the values obtained by Fambro et al. (1998) 
APPLICATION
To estimate the accident reduction due to speed limit adherence one requires values for the individual probabilities of necessity, where Yi denotes measurements of some subset of sl, s2, d and the injury severity. These can be computed by (i) updating the distributions for x, tP' t, and fusing the datayi, (ii) setting the initial speed equal to the speed limit, and (iii) computing the probability that vi=O (since h2=0 if and only if vi=O) using the updated distributions for x, tp, t., and /together with the condition that vis set to the speed limit. For DAG models which have causal interpretations, Balke and Pearl (1994) The application of this approach will be illustrated using data collected by Kloeden et al. (1997) , where accident reconstruction methods were used to estimate the speeds of accident-involved vehicles as part of a study seeking to relate speed to accident risk. All the investigated accidents occurred on roads with a 60 kmlh speed limit, but a sample of speeds from vehicles not involved in accidents showed an average speed of about 60 km/h, with an 85% percentile speed of about 80 km!h. Current traffic engineering practice would consider raising the speed limit to 80 krnlh. The question at hand then is how many vehicle/pedestrian accidents would have been prevented had all vehicles obeyed the 60 km/h speed limit?
The sample of investigated accidents included eight vehicle/pedestrian collisions satisfying the conditions of the model described in Section 2, being frontal impacts by a single vehicle, with evidence of pre-impact braking.
Information on each of the investigated accidents was published in volume 2 of Kloeden et al., from which measurements of sl, s2 and d, along the degree of injury suffered by the pedestrian, were obtained. Using the Gibbs sampling program BUGS (Gilks et al. 1994) , posterior distributions were estimated, with the collision model described in Section 2 augmented to include the counterfactual variables v* and vi*, and with v* set equal to 60 kmlh. A 5000 iteration bumin was followed by · 50000
iterations with every I Oth iteration being saved for analysis.
Three separate Gibbs sampling chains were generated from different initial values and random number seeds, convergence was checked using the Gelman and Rubin test, and sample size was checked using the Raftery and Lewis test, as implemented in CODA (Best et al. 1995) . Table I shows the probability that each vehicle was initially exceeding the speed limit, along with assessments as to whether or not the vehicle would have stopped in time had it been travelling at the speed limit. Looking at the results from the Gibbs sampler, it appears that the vehicles in collisions 2, 3 and 7 were probably speeding and these accidents would probably have been prevented had the vehicle been traveling at 60 km/h. The vehicle in collision 8
was probably not speeding and the accident would probably not have been prevented by speed limit enforcement. For the remaining four cases the effect of speeding is uncertain.
Looking at the two rightmost columns of Table I we see that deterministic method 1 predicts a reduction of three accidents due to speed limit adherence while method 2 predicts a reduction of only one accident. The P[vi*=O] column of Table I gives the individual probabilities of necessity for each of the accidents, and summing the entries in this column gives an estimate of3.8 accidents prevented
by speed limit adherence. This can be interpreted as a measure of the accident reduction potential of speed limit enforcement.
CONCLUSION
Investigation and reconstruction of traffic accidents is often 
